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ACOUSTIC-WAVE MEASURING APPARATUS
AND METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an acoustic-wave measur-
ing apparatus and an acoustic-wave measuring method. In
particular, it relates to an acoustic-wave measuring apparatus
that receives acoustic waves generated from a subject irradi-
ated with light, as well as a method for controlling the appa-
ratus.

2. Description of the Related Art

Photoacoustic tomography (PAT) is technique for in-vivo
imaging using near-infrared light. In imaging with PAT, a
subject, such as a living organism, is irradiated with pulsed
light generated from a light source, and the light propagated
and spread in the subject is absorbed by a light absorbing
substance to generate acoustic waves (typically, ultrasonic
waves). The mechanism of the generation of acoustic waves is
known as the photoacoustic-wave effect. Tumorous tissue
reacts to near-infrared light differently than peripheral tissue,
it absorbs light more than the peripheral tissue to expand
instantly and generate acoustic waves corresponding to the
region that has absorbed the near-infrared light. A photoa-
coustic imaging apparatus, which is an acoustic-wave mea-
suring apparatus, is an apparatus that receives the acoustic
waves with an acoustic-wave detecting element and analyzes
the received signal to thereby calculate information, such as
spatial initial sound pressure distribution, on acoustic waves
generated in the subject and forms an image based on the
calculated information. Because the distribution of the gen-
erated sound pressure is related to a light absorption coeffi-
cient, diagnosis of a subject using the distribution related to
the light absorption coefficient is currently being actively
studied.

The acoustic-wave measuring apparatus that obtains read-
ings of a living organism using the photoacoustic-wave effect
uses a high-output short-pulse (several tens of nanoseconds)
light source having a near-infrared wavelength. The near-
infrared wavelength band, in which light absorption of living
organisms is low, is known as a biological window. Near-
infrared light in the biological window can reach deep into
living organisms without causing damage. Nevertheless, in
an acoustic-wave measuring apparatus using PAT technology
it is necessary to prevent the light from irradiating the
observer, in particular, the eyes.

To that end, for example, an apparatus described by Mano-
har, et al., entitled “Region-of-interest breast studies using the
Twente Photoacoustic Mammoscope (PAM)”, Proc. of SPIE
Vol. 6437 643702, separates the subject and the observer from
each other using a blackout curtain.

On the other hand, in order to receive acoustic waves effi-
ciently, it is desirable for the acoustic-wave measuring appa-
ratus to move an acoustic-wave probe, which is an acoustic-
wave detecting unit, to a precise predetermined measurement
position of the subject and detect the acoustic waves. Further-
more, to generate acoustic waves effectively, it is desirable to
move also an irradiation unit that irradiates the subject to the
predetermined measurement position and irradiate the sub-
ject. For these purposes, the observer must check the mea-
surement position on the subject and move the acoustic-wave
probe and the irradiation unit to the desired measurement
position. However, since the apparatus described by Mano-
har, et al., separates the subject and the observer from each
other with the blackout curtain, it has a problem in that the
observer cannot visually observe the subject and it is difficult

10

15

20

25

30

35

40

45

50

55

60

65

2

to move the irradiation unit to the measurement position with
high accuracy. Another measuring method moves the irradia-
tion unit to the measurement position with the blackout cur-
tain opened so as to visually align the irradiation unit with the
subject without irradiation of light. In this case, however, the
operation of opening and closing the blackout curtain is per-
formed for every measurement, which may often cause the
observer to forget to close the blackout curtain or a gap to be
generated due to incomplete closing of the blackout curtain.

SUMMARY OF THE INVENTION

One aspect of the present invention relates to an acoustic-
wave measuring apparatus that includes a holding unit con-
figured to hold a subject; an irradiation unit configured to
irradiate the subject with light; an acoustic-wave detecting
unit configured to receive acoustic waves generated in the
subject due to irradiation with the light via the holding unit; an
image pickup unit configured to acquire an image of the
subject; a position designating unit configured to designate a
measurement position on the image acquired by the image
pickup unit; a coordinate transforming unit configured to
transform coordinates of the measurement position on the
image to coordinates of a corresponding position on the hold-
ing unit; and a position control unit configured to move at
least one of the irradiation unit and the acoustic-wave detect-
ing unit to the corresponding position on the holding unit.

Another aspect of the present invention relates to an acous-
tic-wave measuring method. The method includes irradiating
a subject with light using an irradiating unit and receiving
acoustic waves that are generated from the subject due to
irradiation with the light via the holding unit. More specifi-
cally, the method includes an image pickup step of acquiring
an image of the subject; a position designation step of desig-
nating a measurement position on the image acquired by the
image pickup step; a coordinate transforming step of trans-
forming coordinates of the measurement position on the
image acquired by the image pickup step to coordinates of a
corresponding position on the holding unit; and a position
control step of moving at least one of the irradiation unit and
the acoustic-wave detecting unit to the corresponding posi-
tion on the holding unit.

Further features of the present invention will become
apparent to persons having ordinary skill in the art from the
following description of exemplary embodiments with refer-
ence to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic diagram showing in outline an
acoustic-wave measuring apparatus according to a first
embodiment.

FIG. 1B is a schematic diagram of the acoustic-wave mea-
suring apparatus.

FIG. 2A is a schematic diagram of the apparatus as viewed
from a camera.

FIG. 2B is a schematic diagram of the apparatus as viewed
from the camera.

FIG. 3 is a flowchart of an exemplary process for measure-
ment in the first embodiment.

FIG. 4 is a graph showing the relationship between the
pixel coordinates of a measurement position and coordinates
on a movable holding plate.

FIG. 5 is a schematic diagram of a fixed holding plate, the
movable holding plate, and the camera, as viewed from the
top of the apparatus.
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FIG. 6 is a schematic diagram showing in outline an acous-
tic-wave measuring apparatus according to a second embodi-
ment.

FIG. 7 is a flowchart of an exemplary process for measure-
ment in the second embodiment.

FIG. 8 is a schematic diagram ofthe fixed holding plate, the
movable holding plate, and the camera, as viewed from the
top of the apparatus.

DESCRIPTION OF THE EMBODIMENTS

In the present invention, acoustic waves include sound
waves, ultrasonic waves, and photoacoustic waves and refers
to elastic waves generated when a subject is irradiated with
light (electromagnetic waves), such as near infrared light.
First Embodiment

An acoustic-wave measuring apparatus according to a first
embodiment of the present invention includes a holding appa-
ratus which holds a subject to be examined (e.g., human
tissue, such as a breast) and a camera, which is an image
pickup unit that acquires an image of the subject. A measure-
ment position is designated on an image acquired by the
camera, and at least one of an irradiation unit and an acoustic-
wave detecting unit is moved to a corresponding position on
the subject.

Apparatus Configuration

FIGS. 1A and 1B are side views showing in outline the
acoustic-wave measuring apparatus according to the first
embodiment of the present invention. FIG. 1A is a schematic
diagram showing a state in which an irradiation unit 101 is out
of the region imaged by a camera 103 (hereinafter the region
imaged by camera 103 is referred to an image pickup region).
FIG. 1B is a schematic diagram showing a state in which the
irradiation unit 101 is moved to the image pickup region of the
camera 103 and irradiates the measurement position with
light.

The acoustic-wave measuring apparatus according to the
embodiment of the present invention generates light (pulsed
light) from a light source (not shown) and irradiates a subject
111 using the irradiation unit 101. This embodiment prevents
the light irradiating the subject 111 from leaking to the out-
side, by using a casing 100, such as a housing or outer cov-
ering made of a material that can block the irradiating light. A
light absorbing substance (the subject to be examined, such as
atumor) in the subject 111 absorbs light energy and generates
acoustic waves. The generated acoustic waves propagate in
the subject 111 and traverse a fixed holding plate 105 to reach
an acoustic-wave probe 102. The acoustic-wave probe 102
may also be referred to as an acoustic-wave detecting unit,
and the fixed holding plate 105 may be referred to as fixed
section of a holding unit. The acoustic-wave probe 102
receives the acoustic waves and converts them to an electrical
signal and outputs the electric signal to a photoacoustic-wave
processing unit 110, which is also referred to as a signal
processing unit. The photoacoustic-wave processing unit 110
generates photoacoustic image data (reconfigures an image)
using the input signal. The camera 103, which is an example
of'an image pickup unit, acquires an image of the subject 111
via a movable holding plate 104 to obtain image information.
The movable holding plate 104 may be referred to as a mov-
able section of the holding unit. A measurement-position
designating unit 107 enables an observer to designate a mea-
surement position on the basis of the image information
obtained by the camera 103. The measurement position des-
ignated by the observer is output, as pixel coordinates, to a
coordinate transforming unit 108. The coordinate transform-
ing unit 108 may be implemented as a self-contained central
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processing unit (CPU) or a computer-implemented program.
The coordinate transforming unit 108 transforms the pixel
coordinates received from the measurement-position desig-
nating unit 107 to coordinates on the movable holding plate
104 (on-holding-plate coordinates). At that time, the coordi-
nate transformation is performed using the distance between
the fixed holding plate 105 and the movable holding plate
104, which is measured by a distance measuring unit 106. The
transformed coordinates are output to a position control unit
109. The position control unit 109 may be either a computer-
implemented program or hardware electronic circuit that can
generate control signals based on the transformed coordi-
nates. Specifically, the position control unit 109 controls at
least one of a probe driving mechanism 113 and an irradia-
tion-unit driving mechanism 112, which are moving units, to
respectively move at least one of the acoustic-wave probe 102
and the irradiation unit 101.

The light source, not illustrated in the present invention,
may include at least one coherent or incoherent pulsed light
source capable of producing pulsed light of wavelengths in
the biological window. To produce a photoacoustic effect,
pulsed light with a pulse width (FWHM) of several hundred
nanoseconds or less and more preferably from 5 nanoseconds
to 50 nanoseconds is preferable. In the case of measurement
of suspect tumorous tissue, such as breast cancer or the like,
the light source preferably generates light with a specified
wavelength that is absorbed by a specified component (for
example, hemoglobin) of components constituting a living
organism. A preferably light source may be a laser that pro-
duces short pulses of light with a large output; but instead of
the laser, a light-emitting diode may also be used. Examples
of'the laser include a solid-state laser, a gas laser, a dye laser,
and a semiconductor laser, each of which may be a modulated
continuous wave (CW) laser or a pulsed (e.g., mode locked)
laser.

The irradiation unit 101 irradiates the subject 111 by a
method suitable for measuring the light from the light source.
Although in this embodiment the irradiation unit 101 irradi-
ates the subject 111 from the side opposite to the acoustic-
wave probe 102, the present invention is not limited thereto.
For example, the subject 111 may be irradiated either from the
same side as the acoustic-wave probe 102 or from both sides
of'the subject 111. Since the sound pressure of acoustic waves
is proportional to the intensity of the light, the subject 111
may be irradiated not only from one side of the subject 111 but
also from a plurality of sides of the subject 111, so that the
signal-to-noise ratio (S/N) of the signal can be increased.
Concrete examples of the irradiation unit 101 include optical
components, such as a mirror or a lens that collects, magni-
fies, or changes the shape of light; a prism that disperses,
refracts, and reflects light, one or more optical fibers, or a
combination of the foregoing that can efficiently deliver light
from the light source to the subject 111. Such optical compo-
nents may be any components provided that they can irradiate
the subject 111 with the light emitted from the light source by
a desired method (irradiating direction, shape, and so on) in
addition to the above. Furthermore, the irradiation region on
the subject 111 may be movable on the subject 111, so that a
wider irradiation region can be obtained. In addition, as illus-
trated in FIGS. 1A and 1B, the irradiation unit 101 itself can
be moved relative to the subject 111. Furthermore, the region
of the subject 111 irradiated with light may be moved in
synchronization with the acoustic-wave probe 102. In the
case where the light source is small, the light source itself may
be used as the irradiation unit 101, and the light source itself
may be mechanically moved.
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The acoustic-wave probe 102, which is an acoustic-wave
detecting unit, converts acoustic waves into an electrical sig-
nal. The acoustic-wave probe 102 may be any conversion
element that can detect acoustic waves and convert the acous-
tic waves to an electrical signal. To that end, for example, a
conversion element that uses a piezoelectric phenomenon, a
conversion element that uses resonance of light, and a con-
version element that uses changes in capacitance may be
used. Furthermore, an element array composed of a plurality
of conversion elements may be used, so that acoustic waves
can be received across a wide region. The acoustic waves are
received by the acoustic-wave probe 102, and the electric
signal proportional to the acoustic waves is input to the pho-
toacoustic-wave processing unit 110. Although the acoustic-
wave probe 102 in FIGS. 1A and 1B is provided on the fixed
holding plate 105, acoustic-wave probe 102 may be provided
on the movable holding plate 104 as well.

The photoacoustic-wave processing unit 110, which may
be a signal processing section, may be either a computer-
implemented program or an electronic circuit that can digitize
the electric signal and generate image data corresponding to
the acoustic waves received by the photoacoustic-wave probe
102. The photoacoustic-wave processing unit 110 generates
acoustic image data (reconfigures an image) using back pro-
jection in a time domain or a Fourier domain, which is nor-
mally used in tomography technology. The acoustic image
data in the present invention is data indicating information on
the interior of the subject 111, irrespective of two-dimen-
sional or three-dimensional data, (biological information,
such as an initial sound pressure distribution and a light
absorption coefficient distribution of the interior of the living
organism). Two-dimensional photoacoustic image data is
composed of a plurality of items of pixel data, and three-
dimensional photoacoustic image data is composed of a plu-
rality of items of voxel data.

The fixed holding plate 105 and the movable holding plate
104 are holding units for holding the subject 111 and keeping
the shape of at least part of the subject 111 constant. As shown
in FIGS. 1A and 1B, holding the subject 111 from opposing
sides allows the subject 111 to be fixed in position during
measurement. Advantageously, keeping the subject 111 fixed
during measurement can reduce a position error due to a body
motion and so on. Pressing the subject 111 allows light to
efficiently reach the depths of the subject 111. A holding unit
on which the irradiation unit 101 is provided (the movable
holding plate 104 in FIGS. 1A and 1B) may be a member
having high light transmittance. A holding unit on which the
acoustic-wave probe 102 is provided (the fixed holding plate
105 in FIGS. 1A and 1B) may be a member having a property
of acoustic matching with the subject 111 and the acoustic-
wave probe 102 (having similar acoustic impedance). To
enhance the acoustic matching property, an acoustic match-
ing material, such as gel, may be interposed between the
holding units and the subject 111 and between the holding
units and the acoustic-wave probe 102. The holding units are
not restricted to having the above-described configuration.
For example, instead of having a fixed section and a movable
section, both holding plates may be movable. In addition,
instead of the configuration in which the subject 111 is held
by holding plates from both sides, a configuration in which
the subject 111 is held from below with a bowl-shaped mem-
ber may be provided.

The casing 100 has the function of preventing the light
irradiating the subject 111 from leaking to the outside by
enclosing the peripheries of the irradiation unit 101, the
acoustic-wave probe 102, and so on. This prevents the
observer from being irradiated with light. The casing 100 of
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this embodiment also has the function of protecting the per-
son being examined from irradiated light.

The camera 103, which is an image pickup unit, is disposed
in the casing 100 and acquires image information on the
subject 111. Examples of the camera 103 include a charge
coupled device (CCD) sensor-based camera and a comple-
mentary metal oxide semiconductor (CMOS) sensor-based
camera. The camera 103 of this embodiment is fixed to the
casing 100. When the camera 103 is to acquire an image of the
subject 111, the irradiation unit 101 may be moved out of the
image pickup region so as not to overlap with the subject 111.
Although the camera 103 in FIGS. 1A and 1B is shown near
the movable holding plate 104, the camera 103 may be pro-
vided near the fixed holding plate 105.

The irradiation-unit driving mechanism 112, which is a
moving unit, can move the irradiation unit 101 to any position
in or out of the image pickup region of the camera 103.

FIGS. 2A and 2B are schematic diagrams of the apparatus
as viewed from the camera 103 side. FIG. 2A is a schematic
diagram showing a state in which the irradiation unit 101 is
moved out of the image pickup region of the camera 103. F1G.
2B is a schematic diagram showing a state in which the
irradiation unit 101 is moved into the image pickup region of
the camera 103. The irradiation-unit driving mechanism 112
has a mechanism for driving the irradiation unit 101 indepen-
dently in the horizontal direction and the vertical direction.
Examples of the driving mechanism include a motor and a
rack-and-pinion, a motor and a belt, and a linear motor. The
irradiation-unit driving mechanism 112 has an origin sensor
201. The position of the origin sensor 201 is designed so that
the position of the irradiation unit 101 defined by the origin
sensor 201 is out of the image pickup region of the camera
103. Examples of the origin sensor 201 include a contact
sensor, an optical sensor, and an origin marker of an absolute
encoder. The irradiation-unit driving mechanism 112 is con-
trolled by the position control unit 109. To move the irradia-
tion unit 101 out of the image pickup region of the camera
103, an instruction to move the irradiation unit 101 to the
original position is sent from the position control unit 109 to
the irradiation-unit driving mechanism 112. Thus, the state in
FIG. 1A is achieved by moving the irradiation unit 101 out of
the image pickup region of the camera 103, as shown in FIG.
2A. To move the irradiation unit 101 into the image pickup
region of the camera 103, an instruction to move the irradia-
tion unit 101 to a position in the image pickup region is sent
from the position control unit 109 to the irradiation-unit driv-
ing mechanism 112. Thus, the state in FIG. 1B is achieved by
moving the irradiation unit 101 into the image pickup region
of the camera 103, as shown in FIG. 2B.

The probe driving mechanism 113, which is a moving unit,
should move the acoustic-wave probe 102 to a position
opposing the irradiation unit 101, with the subject 111 ther-
ebetween. The probe driving mechanism 113 is controlled by
the position control unit 109. In the case where the camera
103 is disposed near the acoustic-wave probe 102, the irra-
diation unit 101 should be moved as described above so as to
prevent the subject 111 from overlapping with the acoustic-
wave probe 102 during image acquisition.

The distance measuring unit 106 measures the distance
between the fixed holding plate 105 and the movable holding
plate 104. The distance here is a distance in the optical axis of
the camera 103. One end of the distance measuring unit 106
is fixed to the fixed holding plate 105, and the other end is
fixed to the movable holding plate 104. Distances that differ
depending on the characteristics (sizes and so on) of the
individual subjects 111 are output to the coordinate trans-
forming unit 108.
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The measurement-position designating unit 107 is for the
observer to designate a measurement position on an image
acquired by the camera 103, such as mouse, keyboard or
touch panel. An image is displayed on a display, such as a
monitor, using image information from the camera 103. An
observer designates a measurement position on the displayed
image with a mouse or designates a measurement position on
a screen having a contact position detection sensor with a
finger. The measurement position may be designated by
inputting the coordinates of a measurement position on the
image using a keyboard or the like. The designated measure-
ment position is output as pixel coordinates on the image to
the coordinate transforming unit 108.

The coordinate transforming unit 108 transforms the pixel
coordinates output from the measurement-position designat-
ing unit 107 to the coordinates of a position corresponding to
the pixel coordinates on the movable holding unit (on the
movable holding plate 104 in this embodiment). At that time,
the transformation is made using the distance between the
fixed holding plate 105 and the movable holding plate 104
measured by the distance measuring unit 106. The trans-
formed coordinates are output to the position control unit 109.

The position control unit 109 controls the probe driving
mechanism 113 and the irradiation-unit driving mechanism
112 to move at least one of the acoustic-wave probe 102 and
the irradiation unit 101. For example, the irradiation unit 101
can be moved to the coordinate position output from the
coordinate transforming unit 108 or to an original position
defined by the origin sensor 201.

Measurement Flow

The measurement flow of this embodiment is shown in
FIG. 3. The individual steps of the measurement flow will be
described in detail with reference to FIGS. 1A and 1B and
FIG. 3. The following description is made using a configura-
tion example in which the holding units composed of the fixed
holding unit and the movable holding unit is provided, and the
acoustic-wave probe 102 is provided on the fixed holding unit
side, and the irradiation unit 101 is provided nearer to the
movable holding unit, as in FIGS. 1A and 1B. However, the
present invention is not limited to such a configuration, as
described above.

First, the measurement process is started at step 301 (ab-
breviated in the drawing as S301), the subject 111 is posi-
tioned between the fixed holding plate 105 and the movable
holding plate 104, and the observer moves the movable hold-
ing plate 104 to hold the subject 111 in the desired position at
step 302. At that time, the subject 111 may be pressed to be
held as thin as possible, so as to optimize the S/N ratio of a
received signal obtained and the depth of measurement. After
completion of the holding, that is—once the subject 111 is
positioned and held in the desired position—the distance
between the fixed holding plate 105 and the movable holding
plate 104 is measured by the distance measuring unit 106.

In step 303, the irradiation unit 101 is moved to the original
position. The irradiation-unit driving mechanism 112 is
driven by the position control unit 109, and the irradiation unit
101 is moved to the original position designated by the origin
sensor 201.

In step 304 (image pickup step), an image of the subject
111 is acquired by the camera 103. Since the irradiation unit
101 has been moved to the original position outside the image
pickup region of the camera 103 in step 303, an image of the
entire subject 111 including the measurement position can be
acquired.

In step 305, the observer designates the measurement posi-
tion on the image using pixel coordinates on the basis of the
image information on the subject 111 obtained in step 304,
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and thus, the pixel coordinates of the measurement position
(measurement-position pixel coordinates) can be obtained.

A process in step 306 (coordinate transforming step) will
be described with reference to FIGS. 4 and 5. FIG. 4 is a graph
showing pixel coordinates on the image and coordinates on
the movable holding plate 104. The coordinate transforming
unit 108 transforms the pixel coordinates (X,,, Y,,) of the
measurement position designated by the observer in step 305
to measurement position coordinates (X,,, y,,) on the movable
holding plate 104 (on-movable-holding-plate measurement
position coordinates). The on-movable-holding-plate mea-
surement position coordinates are expressed, for example, by
values in millimeters or micrometers.

Next, transformation equations will be described. FIG. 5 is
a schematic diagram of the fixed holding plate 105, the mov-
able holding plate 104, and the camera 103, as viewed from
the top of the apparatus. The movable holding plate 104 can
take any distance L. Reference numerals 501 and 502 denote
the positions of the movable holding plate 104 when L=,
and L=L,, respectively. The image pickup width of the cam-
era 103 at distance L. is denoted by W(L). As shown in FIG. 5,
the image pickup width W changes depending on the position
of the movable holding plate 104. The distance between the
movable holding plate 104 and the camera 103 when =L, is
denoted by Dis. Dis can be expressed as the following Exp.
(1) from the relation of an isosceles triangle with the vertex at
the angle of view in FIG. 5.

W(LZ))*I Exp. (1)

Dis:(Lz—Ll)(l—W

From the coordinate relationship shown in FIG. 4, trans-
formation equation for transforming measurement-position
pixel coordinates to on-movable-holding-plate measurement
position coordinates can be expressed using Dis in Exp. (1),

Dis—(L—1L;) Exp. (2)
)(m=)(c+(Xm—X7)XW(LI)X( - Dis )

Dis—(L-L;)
ym=yc—(Ym—%)xW(Ll)X( o Dis )

Transformation of pixel coordinate X, to position coordi-
nate x,, by Exp. (2) will be described below. Referring to F1G.
4, reference sign X denotes a horizontal pixel coordinate axis,
Y denotes a vertical pixel coordinate axis, X, denotes a mea-
surement-position horizontal pixel coordinate, Y,, denotes a
measurement-position vertical pixel coordinate, X,, denotes
an image-pickup-region-end horizontal pixel coordinate, and
Y,, denotes an image-pickup-region-end vertical pixel coor-
dinate. Reference sign x denotes an on-movable-holding-
plate horizontal coordinate axis, y denotes an on-movable-
holding-plate vertical coordinate axis, x,, denotes a
measurement-position horizontal coordinate, y,, denotes a
measurement-position vertical coordinate, x_ denotes a hori-
zontal coordinate at the center of image pickup region, and y,.
denotes a vertical coordinate at the center of image pickup
region.
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Dis—(L-L, )) Exp. (3)

W) ( Dis

Exp. (3) in Exp. (2) is a transformation coefficient deter-
mined from the distance between the camera 103 and a mea-
surement position. Exp. (3) expresses an image pickup width
W(L) at any distance L. By dividing the image pickup width
W(L) expressed as Exp. (3) by the image-pickup-region-end
horizontal pixel coordinate X, in FIG. 4, the distance of an
on-movable-holding-plate coordinates per pixel (Exp. (4))
can be given.

Dis—(L-L, )) Exp. (4)
Dis
X

W(Ll)x(

By multiplying Exp. (5), which is the amount of pixels
from the center of the image to the measurement-position
horizontal pixel coordinate X,,, in Exp. (2), by Exp. (4),

(Xm _ %) Exp. (5)

the distance of an on-movable-holding-plate coordinates,
expressed as Exp. (6) can be obtained.

Dis—(L- Ll)) Exp. (6)

W(Ll)x( Dis

L)

xm—xc:(Xm— 3

X,

By transposing x.in Exp. (6) to the left term, x,,, in Exp. (2)
can be found. Although the above is for the horizontal direc-
tion, the same applies to the vertical direction, that is, trans-
formation fromY,, to y,,.

L,,L,, W(L,), and W(L,) are known values measured in
advance, and %, X, X,,, and Y,, are given in advance as
specification values of the apparatus. By substituting the dis-
tance between the fixed holding plate 105 and the movable
holding plate 104 measured in step 302 for L in Exp. (2), and
substituting the measurement-position pixel coordinates
obtained in step 305 for (X,,,Y,,) in Exp. (2), the on-movable-
holding-plate measurement position coordinates (X,,, y,,) can
be given. Even if the distance between the movable holding
plate 104 and the camera 103 changes, the relationship
between the pixel coordinates (X,,,, Y,,) and the on-movable-
holding-plate measurement position coordinates (X,,,, ¥,,) can
be corrected properly by performing step 306.

Referring back to FIG. 3, in step 307 (position control
step), the irradiation unit 101 is moved by the position control
unit 109 to the on-movable-holding-plate measurement posi-
tion coordinates (x,,, y,,) obtained in step 306. Since trans-
formation with consideration of the distance between the
fixed holding plate 105 and the movable holding plate 104 is
performed in step 306, the irradiation unit 101 can be moved
with high accuracy. In this step, not only the irradiation unit
101 but also the acoustic-wave probe 102 should be moved to
the coordinates (X, y,,) of the measurement position on the
fixed holding plate 105. Here, the measurement position is a
position on the subject 111 to be measured in more detail or a
start position in the case where measurement is performed
while the acoustic-wave probe 102 and the irradiation unit
101 are being moved.
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In step 308, the irradiation unit 101 irradiates the subject
111 with light, and the acoustic-wave probe 102 detects gen-
erated acoustic waves to obtain a receiver signal. In step 309,
the photoacoustic-wave processing unit 110 generates pho-
toacoustic image data using the receiver signal obtained in
step 308. The photoacoustic image data is presented to the
observer as, for example, numerical information or an image,
on a display unit (not shown), and the measurement ends at
step 310.

Providing an image pickup unit, such as the camera 103,
allows designation of a measurement position even in an
acoustic-wave measuring apparatus in which visual designa-
tion of a measurement position is difficult. Furthermore, pro-
viding the irradiation-unit driving mechanism 112 that moves
the irradiation unit 101 out of the image pickup region of the
camera 103 and the distance measuring unit 106 allows high-
accuracy designation of a measurement position.

Second Embodiment

In a second embodiment, a case in which the distance
between the image pickup unit that acquires an image of the
subject and the movable holding unit is held constant will be
particularly described. The other configurations are the same
as those of the first embodiment.

Apparatus Configuration

FIG. 6 is a schematic diagram showing the configuration of
an acoustic-wave measuring apparatus according to a second
embodiment of the present invention. In this embodiment,
although the details of processing in the coordinate trans-
forming unit differ from those of the first embodiment, the
other components are the same as those of the first embodi-
ment; therefore, descriptions of the same terms are omitted.

A fixing member 801, which is a distance fixing unit, fixes
the movable holding plate 104 and the camera 103 a prede-
termined distance. The fixing member 801 is designed to fix
the distance between the movable holding plate 104 and the
camera 103 to a certain value. Therefore, even if the movable
holding plate 104 moves, the distance between the movable
holding plate 104 and the camera 103 is kept constant. The
fixing member 801 may be disposed out of the image pickup
region of the camera 103. The coordinate transforming unit
108 transforms pixel coordinates output from the measure-
ment-position designating unit 107 to coordinates on the
movable holding plate 104. At that time, the transformation is
performed using the distance determined depending on the
fixing member 801. The transformed coordinates are output
to the position control unit 109.

Measurement Flow

The measurement flow of the second embodiment is shown
in FIG. 7. Although the coordinate transforming step (step
906) of this embodiment differs from step 306 of the first
embodiment, the other steps are the same as in FIG. 3; there-
fore, descriptions thereof will be omitted.

A process in step 906 will be described with reference to
FIG. 8. FIG. 8 is a schematic diagram of the fixed holding
plate 105, the movable holding plate 104, and the camera 103,
as viewed from the top of the apparatus. Reference numerals
1001 and 1002 denote the positions of the camera 103 when
the distance between the fixed holding plate 105 and the
movable holding plate 104 is L, and L,, respectively. Since
the distance Dis, between the movable holding plate 104 and
the camera 103 is constant by means of the fixing member
801, the image pickup width W of the camera 103 depends on
Dis, at either of the distances L, and L,. Referring to FIGS. 4
and 8, transformation equations for transforming measure-
ment-position pixel coordinates to on-movable-holding-plate
measurement position coordinates can be expressed as Exp.

).
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X, Exp. (7
X, - 2 xp. (7)
Xm = Xe X W(Diso)
X
Yy
Yo =
Im = Ye = | = |x W(Diso)

W(Dis,) in Exp. (7) is a transformation coefficient deter-
mined from the distance between the image pickup unit and a
measurement position. Since Dis, is a specification value of
the apparatus, determined depending on the fixing member
801, the transformation coefficient W(Dis,) is given in
advance. By substituting the measurement-position pixel
coordinates obtained in step 305 for (X,,,,Y,,) in Exp. (2), the
on-movable-holding-plate measurement position coordi-
nates (X,,, ¥,,) can be obtained.

Thus, providing the camera 103 allows designation of a
measurement position even in an acoustic-wave measuring
apparatus in which visual designation of a measurement posi-
tion is difficult. Furthermore, providing the fixing member
801 prevents the distance between the movable holding plate
104 and the camera 103 from changing even if the subject
holding thickness changes, thereby facilitating the process of
the coordinate transforming step.

In accordance with at least one embodiment of the present
invention, an acoustic-wave measuring apparatus enables,
among other things, designation of a measurement position
with high accuracy and accurate detection of acoustic waves
at a desired position. While the present invention has been
described with reference to exemplary embodiments, it is to
be understood that the invention is not limited to the disclosed
exemplary embodiments. The scope of the following claims
is to be accorded the broadest interpretation so as to encom-
pass all modifications and equivalent structures and func-
tions.

This application claims the benefit of Japanese Patent
Application No. 2010-101300 filed on Apr. 26,2010, which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. An acoustic-wave measuring apparatus comprising:

a holding unit configured to hold a subject;

an irradiation unit configured to irradiate the subject with
light;

an acoustic-wave detecting unit configured to receive
acoustic waves generated within the subject due to irra-
diation with the light irradiated from the irradiation unit,
the acoustic-wave detecting unit being disposed at a side
of the holding unit opposite to the subject;

an image pickup unit configured to acquire, through the
holding unit, an image of a shape of the subject held by
the holding unit;

a coordinate transforming unit configured to transform
coordinates of a measurement position designated by an
observer, on the image acquired by the image pickup
unit to coordinates on the holding unit; and

a position control unit configured to move at least one of
the irradiation unit and the acoustic-wave detecting unit
onthe holding unit based on information output from the
coordinate transforming unit.

2. The acoustic-wave measuring apparatus according to
claim 1, wherein the coordinate transforming unit transforms
the coordinates of the measurement position on the image to
the coordinates on the holding unit using a transformation
coefficient determined from the distance between the holding
unit and the image pickup unit.
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3. The acoustic-wave measuring apparatus according to
claim 2, wherein:

the holding unit includes a fixed holding section and a
movable holding section configured to hold the subject
from opposite sides;

the coordinate transforming unit transforms the coordi-
nates of the measurement position on the image to the
coordinates on the movable holding section using a
transformation coefficient determined from a distance
between the movable holding section and the image
pickup unit.

4. The acoustic-wave measuring apparatus according to
claim 3, further comprising a distance fixing unit configured
to keep the distance between the movable holding section and
the image pickup unit constant.

5. An acoustic-wave measuring method, comprising:

holding a subject with a holding unit;

irradiating the subject with light irradiated from an irradia-
tion unit;

an acoustic-wave detecting step of receiving acoustic
waves generated within the subject due to irradiation
with the light irradiated from the irradiation unit, the
acoustic waves being received by an acoustic-wave
detecting unit disposed at a side of the holding unit
opposite to the subject;

an image pickup step of acquiring, with an image pickup
unit and through the holding unit, an image of a shape of
the subject held by the holding unit;

a coordinate transforming step of transforming coordinates
of a measurement position, designated by an observer,
on the image acquired in the image pickup step to coor-
dinates on the holding unit; and

a position control step of moving at least one of the irra-
diation unit and the acoustic-wave detecting unit on the
holding unit based on information obtained at the coor-
dinate transforming step.

6. The acoustic-wave measuring method according to
claim 5, wherein in the coordinate transforming step, the
coordinates of the measurement position on the image are
transformed to the coordinates on the holding unit using a
transformation coefficient determined from a distance
between the holding unit and the image pickup unit.

7. The acoustic-wave measuring method according to
claim 6, wherein:

in the holding step, the holding unit includes a fixed hold-
ing section and a movable holding section configured to
hold the subject from opposite sides thereof; and

in the coordinate transforming step, the coordinates of the
measurement position on the image are transformed to
the coordinates on the movable holding section using a
transformation coefficient determined from a distance
between the movable holding section and the image
pickup unit.

8. The acoustic-wave measuring method according to
claim 7, further comprising a distance measuring step of
measuring the distance between the movable holding section
and the image pickup unit.

9. An acoustic-wave measuring method, comprising:

holding a subject with a holding unit;

irradiating the subject with light irradiated from an irradia-
tion unit;

an acoustic-wave detecting step of receiving acoustic
waves generated within the subject due to irradiation
with the light irradiated from the radiation unit, the
acoustic waves being received by an acoustic wave
detecting unit disposed at a side of the holding unit
opposite to the subject;
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an image pickup step of acquiring with an image pickup
unit an image of a shape of the subject held by the
holding unit;

a position designation step of designating a measurement
position on the image acquired in the image pickup step;

acoordinate transforming step of transforming coordinates
of the measurement position on the image acquired in
the image pickup step to coordinates on the holding unit;
and

a position control step of moving at least one of the irra-
diation unit and the acoustic-wave detecting unit on the
holding unit based on information obtained at the coor-
dinate transforming step.

10. The acoustic-wave measuring apparatus according to
claim 1, wherein the image pickup unit is a charge coupled
device sensor-based camera or a complementary metal oxide
semiconductor sensor-based camera.

11. The acoustic-wave measuring apparatus according to
claim 1, wherein at least one of the irradiation unit and the
acoustic-wave detecting unit is positioned outside the image
pickup region of the image pickup unit when the image
pickup unit captures the image of the shape of the subject.

12. The acoustic-wave measuring apparatus according to
claim 1, further comprising a position designating unit con-
figured to designate a measurement position on the image
acquired by the image pickup unit.

13. The acoustic-wave measuring apparatus according to
claim 1, further comprising a casing configured to surround
the irradiation unit, the acoustic-wave detecting unit and the
holding unit so as to prevent the light irradiated to the subject
from being leaked to outside.

14. The acoustic-wave measuring method according to
claim 5, wherein, in the image pickup step, the image of the
shape of the subject is captured with a charge coupled device
sensor-based camera or a complementary metal oxide semi-
conductor sensor-based camera.

15. The acoustic-wave measuring method according to
claim 5, wherein, in the image pickup step, at least one of the
irradiation unit and the acoustic-wave detecting unit is posi-
tioned outside the image pickup region of the image pickup
unit.

16. The acoustic-wave measuring method according to
claim 9, wherein, in the image pickup step, the image of the
shape of the subject is captured with a charge coupled device
sensor-based camera or a complementary metal oxide semi-
conductor sensor-based camera.

17. The acoustic-wave measuring method according to
claim 9, wherein, in the image pickup step, at least one of the
irradiation unit and the acoustic-wave detecting unit is posi-
tioned outside the image pickup region of the image pickup
unit.

18. An acoustic-wave measuring apparatus comprising:

a holding unit configured to hold a subject;

an irradiation unit configured to irradiate the subject with
light;

an acoustic-wave detecting unit configured to receive
acoustic waves generated within the subject due to the
light irradiated to the subject from the irradiation unit,
the acoustic-wave detecting unit being disposed at a side
of the holding unit opposite to the subject;

an image pickup unit configured to acquire, via the holding
unit, an image of a shape of the subject held by the
holding unit;

a coordinate transforming unit configured to transform
coordinates of a measurement position designated by an
observer on the image acquired by the image pickup unit
to coordinates on the holding unit; and
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a position control unit configured to move at least one of
the irradiation unit and the acoustic-wave detecting unit
on the holding unit so that the acoustic-wave detecting
unit can receive the acoustic waves at the measurement
position.

19. The acoustic-wave measuring apparatus according to
claim 18, wherein the coordinate transforming unit trans-
forms the coordinates of the measurement position on the
image to the coordinates on the holding unit using a transfor-
mation coefficient determined from the distance between the
holding unit and the image pickup unit.

20. The acoustic-wave measuring apparatus according to
claim 19, wherein:

the holding unit includes a fixed holding section and a
movable holding section configured to hold the subject
from opposite sides thereof;

the coordinate transforming unit transforms the coordi-
nates of the measurement position on the image to the
coordinates on the movable holding section using a
transformation coefficient determined from a distance
between the movable holding section and the image
pickup unit.

21. The acoustic-wave measuring apparatus according to
claim 20, further comprising a distance fixing unit configured
to keep the distance between the movable holding section and
the image pickup unit constant.

22. The acoustic-wave measuring apparatus according to
claim 18, wherein the image pickup unit is a charge coupled
device sensor-based camera or a complementary metal oxide
semiconductor sensor-based camera.

23. The acoustic-wave measuring apparatus according to
claim 18, wherein at least one of the irradiation unit and the
acoustic-wave detecting unit is positioned outside the image
pickup region of the image pickup unit when the image
pickup unit captures the image of the shape of the subject.

24. The acoustic-wave measuring apparatus according to
claim 18, further comprising a position designating unit con-
figured to designate a measurement position on the image
acquired by the image pickup unit.

25. The acoustic-wave measuring apparatus according to
claim 18, further comprising a casing configured to surround
the irradiation unit, the acoustic-wave detecting unit and the
holding unit so as to prevent the light irradiated to the subject
from being leaked to outside of the casing.

26. An acoustic-wave measuring method, comprising:

holding an subject with a holding unit;

irradiating the subject with light irradiated from an irradia-
tion unit;

an acoustic-wave detecting step of receiving acoustic
waves generated within the subject due to the light irra-
diated to the subject from the irradiation unit, the acous-
tic-wave detecting unit being disposed at a side of the
holding unit opposite to the subject;

an image pickup step of acquiring with an image pickup
unit an image of a shape of the subject held by the
holding unit;

a coordinate transforming step of transforming coordinates
of a measurement position designated by an observer on
the image acquired by the image pickup unit to coordi-
nates on the holding unit; and

a position control step of moving at least one of the irra-
diation unit and the acoustic-wave detecting unit on the
holding unit based on information obtained at the coor-
dinate transforming step.
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